LATENT CATALYSTS FOR EPOXY CURING SYSTEMS 



Background of the Invention 

This invention relates to epoxy resin 
compositions containing compounds which inhibit the cure 
of the epoxy resins at lower temperatures and to latent 
catalyst compositions for curing epoxy resins. The 
invention further relates to compositions useful for 
curing epoxy resins which comprise cross - linker s for the 
epoxy resins and the inhibitor described above. The 
invention further relates to adhesives and coatings 
prepared from such inhibited resin compositions, and to 
materials coated with or encapsulated by such inhibited 
resin compositions. The invention further relates to 
laminates, prepregs, dielectric films, insulated and/or 
encapsulated materials for electrical devices such as 
motors and transformers and composites prepared from such 
inhibited resin compositions. 

Epoxy resins are used in a variety of 
applications, such as powder coatings, in encapsulation of 
electrical components, in composites, in solution 
coatings, in prepregs and in laminates. Also related to 
electronics, is the use of epoxy as adhesives to adhere 
copper foil to circuit boards which may, or may not, be 
manufactured for an epoxy matrix. In many of these uses, 
it is desirable to partially cure the epoxy resin in a 
controllable manner, such that at a later time, when 
desired, the epoxy resin can be fully cured. Such partial 
curing proportionately reduces the gel time of the resin. 
In many uses it is desirable to contact a cross -linker 
with an epoxy resin in the presence of a catalyst for the 
reaction and have the formulation remain stable, that is 
uncured for a period of time. At present it is quite 
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difficult to control the curing of an epoxy resin and 
retain the stability of a composition comprising an epoxy 
resin, a cross -linker and catalyst for the reaction of the 
epoxy resin with the cross - linker . 

5 In some uses the epoxy resin, cross - linker , and 

catalyst are contacted in a solution and then applied as a 
coating on a substrate such as reinforcing fibers. In 
some cases, one or more solvents are used to reduce the 
viscosity of the formulations for better coating and 

10 impregnation performance. Often it is desirable to remove 
this solvent before significant curing takes place, 
otherwise the solvent may be entrapped in the cured epoxy 
resin. Entrapped solvent adversely affects the final 
properties of the cured resin. Solvent removal is 

15 facilitated by use of substrates having a thickness 
dimension in the order of less than 5 mm to provide 
solvent a relatively short migration path to the surface 
of the formulation from which, the solvent may escape. 
Often, the solvent is removed by exposing the coated 

20 article to elevated temperatures. However, at such 

elevated temperatures the epoxy resin may begin to cure 
resulting in increased molecular weight and viscosity. 
Thus, the method chosen for removal of solvents may cause 
the solvent to be trapped. 

25 What is also needed is a resin system having a 

sufficiently wide processing window in order that solvent 
may be removed by heating the resin to remove the solvent 
without trapping solvent within cured polymer. The 
inhibitor feature permits the preparation of prepregs and 

30 laminates of consistent good quality. 

After the solvent has been removed, a glass 
cloth coated with the resin, cross -linker and catalyst may 
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be partially cured by exposing.it to temperatures at which 
curing occurs. Such a product is referred to as a 
prepreg. The prepregs may then be stacked to build-up 
thickness, or formed into a shape and exposed to . 
subsequent elevated temperature conditions under which the 
cross -linker and resin completes the cure of the 
thermosetting resin. In general, this involves contacting 
the various components of a laminate at elevated 
temperatures under pressure, for a period of time 
sufficient for the epoxy resin to further cure. In this 
curing process the resin coating on the glass cloth flows 
under pressure and mixes with the coating on adjacent 
glass cloths thereby resulting in a fusing of the glass 
layers together by means of a matrix of the cured epoxy 
resin. 

It is desirable that prepregs have predictable 
qualities which are less sensitive to variations of 
temperature and residence time of the oven. The thickness 
of the laminate can be better controlled with prepregs 
having consistent properties. High concentrations of 
multifunctional components such as styrene-maleic 
anhydride copolymers, multifunctional phenolic cross- 
linkers such as tetraphenol ethane, multifunctional 
phenolic novalac epoxy resins, and high viscosity of the 
resin system components may contribute to erratic behavior 
of the resin system and corresponding unpredictable 
prepreg production. Undesired physical qualities, or poor 
prepreg appearance may also result from solvent entrapment 
in the resin of high viscosity resin systems. 



sufficient thermal decomposition temperature in order that 
laminate properties will not be adversely affected by 
subsequent processing steps, for example,, immersion in 



It is also desirable that the resin demonstrate 
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molten solder, and to provide consistent properties in 
high temperature operating environments as occur in 
automobile "under the hood" applications. The temperature 
of the onset of thermal decomposition is a measurable 
property which is believed to reflect performance 
properties of a laminate in high temperature environments. 

Manufacturers of prepregs and electrical 
laminates desire to increase production rates without 
capital investment for example, , by increasing production 
rates on existing equipment. In order to facilitate 
faster processing the epoxy resin coated substrates must 
be exposed to higher temperatures, the epoxy resin 
compositions must contain higher levels of catalysts, or 
both. Unfortunately, both measures taken to increase 
production result in less control over the curing 
reaction. Thus the need exists to control the reaction of 
resin systems at higher temperatures and catalyst levels. 

Laminates may be manufactured in a continuous 
process. In the continuous process the prepregs are 
contacted at much higher temperatures than in conventional 
laminate processing for shorter periods, for example, at 
temperatures in a range from 200 C to 230 C for 1 to 4 
minutes. It is very difficult to achieve complete cure 
under such conditions. One potential solution to this is 
to add a larger amount of catalyst or accelerator to the 
epoxy resin. Unfortunately increasing amounts of catalyst 
may limit solvent removal without sufficient curing of the 
epoxy resin. 

Several references disclose curable epoxy resin 
compositions which include as a catalyst a salt of 
fluoroboric acid, ( tetraf luor obor ate , fluoroboric acid, 
and hydrof luorobor ic acid), and f luoroborates . GB 963,058 



42931^3 



-4 - 



discloses amine salts of hydrof luorobor ic acid. U.S. 
Patent 4,438,254 discloses phosphonium salts of 
tetraf luoroborate. U.S. Patent 3,048,552 discloses a 
quaternary ammonium f luoroborate salt. "Proposed 
Mechanism for the Curing of Epoxy Resins with Amine -Lewis 
Acid Complexes or Salts" by James J. Harris and Samuel C. 
Temin, J. Ap. Pol. Sc., Vol. 10, pp. 523-534 (1966) 
discloses fluoroborate salts of aliphatic and aromatic 
amines and pyridine. Several patents disclose that onium 
salts of tetraf luoroborate (fluoroboric acid) are useful 
as accelerators in epoxy resin curing reactions. U.S. 
Patents 4,318,766; 4,322,456; 4,410,596; 4,544,732; 
4,554,342; 4,581,436; 4,766,196;, and CA- A- 89 3 , 19 1 . 

Japanese 58/138729 discloses thermosetting 
molding compositions whose essential components are a 
resin component consisting of (a) epoxy resin, (b) an 
alkenylphenol polymer, and (c) a latent curing accelerator 
together with (d) fibers and/or granular fillers, wherein 
the alkenylphenol polymer is dispersed and mixed as a 
powder in the epoxy resin along with the fillers. It 
discloses as the latent curing accelerator tetra- 
substituted boron salts of ammonium compounds, phosphonium 
compounds, arsonium compounds, imidazolium compounds, 
pyridinium compounds, or morpholinium compounds. Only 
tetraphenyl or tetrabutyl borate salts are believed to be 
disclosed. 

U.S. Patent 3,947,395 discloses surface coating 
compositions consisting essentially of (a) coal tar and/or 
asphalt, (b) an epoxy resin and (c) at least one of tetra- 
substituted boron salts of onium ions and tetra- 
substituted boron salts of imidazolium ions, which are 
suitable for coating the surface of concrete, asphalt or 
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metal. The patent is believed to only disclose 
tetraphenyl or tetra ( substituted phenyl) boron salts. 

U.S. Patent 4,631,306 discloses a method of 
manufacturing an insulating component made from a mixture 
of polyepoxide and a polyisocyanate . Disclosed is the use 
of latent catalysts which are the addition complexes of 
boron tr ihalogenides with tertiary amines and imidazoles. 

U.S. Patent 3,738,862 discloses a process for 
preparing epoxy resin laminates and accelerator 
compositions useful in such a process. Suitable 
accelerators (catalysts) disclosed include the stannous 
salts of monocarboxylic acids, lithium benzoate, certain 
heterocyclic compounds such as the imidazole and 
benzimidazole compounds and salts thereof, tertiary amine 
borates, and tertiary amines among others. Suitable 
tertiary amine borates can be prepared by reacting at room 
temperature a tertiary amine with a borate such as, for 
example, methyl borate or triethyl borate. Suitable 
tertiary amine borates include, among others, 
tr imethylamine borate, tr iethylamine borate, 
tr iethanolamine borate, tr iisopr opanolamine borate, 
benzyldimethylamine borate, alpha-methylbenzyl , 
dimethylamine borate, dimethylamino -methyl phenol borate, 
and tridimethyl aminomethyl phenol borate. Particularly 
preferred is tr iethanolamine borate. 

U.S. Patent 4 , 725 , 652 discloses latent catalysts 
for epoxy reactions prepared by reacting a tetra - 
substituted onium compound such as tetra -butylphosphonium 
acetate-acetic acid complex or an amine compound with an 
acid having a weak nucleophilic anion such as fluoroboric 
acid. These catalysts provide stable latent catalysts for 
epoxy resins for advancement or curing reactions. 



42931^$ 



-6 - 



WO-A-95/0607 5 relates to inter -penetrating 
polymer networks including epoxy resins and allyl network 
forming compounds. The allyl network is proposed to be 
formed by initiated polymerization of allyl monomers such 
as triallyl cyanurate. Electrical laminates prepared from 
such polymers manufactured in the customary manner are 
claimed to demonstrate a T g of 19 0°C. 

U.S. Patent 5,314,720 relates to formulations 
which contain epoxy resin, boric acid, cross -linker from 
0.5 to 30 parts per hundred parts resin (phr), and 
catalyst. EP-A- 0729484 relates to formulations which 
contain epoxy resin, cross - linker , and from 0.01 to 2 phr 
boric acid. These resin systems provide suitable epoxy 
resin systems for prepregs and laminates for electronic 
circuits . 

The above -described useful latent catalyst 
systems provide little advantage with respect to some 
properties of interest in electronic applications. The 
dielectric constant is of interest to the end-user for 
applications seeking ever - increased performance of 
microcircuits by increased signal speed of electronic 
devices mounted on circuit boards. In addition, while 
improved dielectric constant is obtained, it is important 
to increase performance with respect to this parameter 
without sacrificing other important performance properties 
such as glass transition temperature, T g . 

What is needed is an epoxy resin composition 
that may be used in existing manufacturing equipment for 
the manufacture of prepregs for printed circuit boards, 
without significant change of existing manufacturing 
equipment for the manufacture of printed circuit boards, 
but giving decreased dielectric constant without sacrifice 
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of the important parameter T g . What is further needed is 
a resin system which is free from aggressive solvents 
which permit the use of reinforcing substrates other than 
glass fibers for example ararnid reinforcements such as 
5 those marketed by DuPont under the trademark THERMOUNT™. 

Frequently, for many products prepared using 
epoxy resins and cured epoxy resins several different 
entities may perform different parts of the manufacturing 
process. For example, one entity may make the resin, a 

10 second entity may make the resin formulations used to 

impregnate the reinforcing material, and a third may make 
a prepreg, or other article to be used. While a fourth 
would make the final product such as a laminate or printed 
circuit board. Frequently the entity producing the 

15 prepreg or laminate has no expertise or desire to make the 
formulation. Therefore, it is desirable that a formulator 
be able to make a composition useful in coating the 
materials to be laminated. The problem is that if the 
epoxy resin cross -linker and catalyst are pre - formulated, 

20 the formulation may not have significant long-term storage 
stability. Under such circumstances the formulation may 
undergo curing and therefore not be useful to the prepreg 
or laminate manufacturer. What is further needed is an 
epoxy resin composition containing a cross -linker and 

25 accelerator for the cure which has significant stability 
at ambient temperatures for several weeks. 

Further, different end users have different 
processing equipment and methods for applying the epoxy 
resin coatings. Such processing differences require that 
30 the end-user may have means to adjust the resin properties 
to fit the processing equipment and the processing know- 
how of the end-user. Properties which end-users need to 
influence include the overall gel time of the resin 
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solution as a varnish, and the gel time remaining after 
the impregnated resin is partially cross - linked, or "B- 
staged" . 

Summary of the Invention 

The present invention is based on the 
realization that a certain class of compounds inhibits the 
reaction of a polyepoxide with a cross -linker in the 
presence of a catalyst for the curing reaction at low 
temperatures . 

The present invention provides an epoxy resin 
composition comprising: 

a) a polyepoxide, 

b) a cure inhibitor which is boric acid, a Lewis 
acid derivative of boron such as an alkyl 
borate, an alkyl borane, a mineral acid 
having a nucleophilici ty value "n" of greater 
than zero and less than 2.5 for example 
perchloric acid, tetraf luobor ic acid, or an 
organic acid having a pKa value of 1 or more, 
but not more than 3 , or a mixture of two or 
more thereof, and 

c) more than thirty parts per 100 parts 
polyepoxide of at least one cross -linker 
where the said at least one cross -linker 
includes an anhydride of a polycarboxy lie 
acid, or a copolymer of an optionally 
substituted styrene and an optionally 
substituted hydr oxystyrene . 
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In a preferred embodiment, the present invention 
provides such an epoxy resin composition which also 
comprises : 

d) a bifunctional chain extender compound 

5 capable of reacting with a polyepoxide at 

elevated temperatures and, 

e) optionally, a catalytic amount of catalyst 
for accelerating the reaction of the 
polyepoxide with the cross -linker and/or the 

10 bifunctional chain extender. 

In still another embodiment the present 
invention relates to a composition useful for curing a 
polyepoxide which comprises: 

a) a cross -linker which is an anhydride of a 

15 polycarboxylic acid, a copolymer of styrene or 

hydroxystyrene , or a mixture thereof, capable 
of curing with a polyepoxide at elevated 
temperatures; and 

b) a cure inhibitor comprising boric acid, Lewis 
20 acid derivatives of boron such as alkyl 

borate, alkyl borane, tr imethoxyboroxine, a 
mineral acid having a nucleophilici ty value 
"n" of greater than zero and less than 2.5 
such as perchloric acid, tetraf luobor ic acid, 
25 and organic acids having a pKa value of 1 or 

more, but not more than 3 such as salicylic 
acid, oxalic acid, and maleic acid, and 
mixtures thereof; and 
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c) optionally a bifunctional chain extender 
compound capable of reacting with a 
polyepoxide at elevated temperatures, 

d) optionally, a catalytic amount of a catalyst 
for accelerating the reaction of the 
polyepoxide with the cross -linker and/br the 
bifunctional chain extender, and 

e) optionally a hydr oxy - functional cross -linker 
having a functionality of 2.2, or more. 

In still another embodiment, the present 



invention relates to a process for coating an article with 
an epoxy resin composition comprising contacting an 
article with an epoxy resin which comprises: 



a) a polyepoxide; 

b) a cure inhibitor comprising boric acid, Lewis 
acid derivatives of boron such as alkyl 
borate , alkyl bor ane , tr imethoxybor oxine , a 



"n" of greater than zero and less than 2.5 
such as perchloric acid, tetraf luobor ic 
acid, and organic acids having a pKa value 
of 1 or more, but not more than 3 such as 
salicylic acid, oxalic acid, and maleic 
acid, and mixtures thereof; 

c) a cross-linker selected from an anhydride of 
a polycarboxylic acid, and a copolymer of 
styrene and hydroxystyrene , or both, capable 
of curing with a polyepoxide at elevated 
temperatures ; 



mineral acid having a nucleophilicity value 




-11- 



thereafter be used for the known applications of epoxy 
resins, such as coatings, laminates, composites, 
encapsulating agents, and adhesives, by contacting the 
partially cured product with the appropriate substrate, or 
reinforcing material, and fully curing the composition. 
The processes for obtaining such a partially cured product 
are well-known in the art. In particular, the components 
are contacted under conditions such that the cross -linker 
and polyepoxide undergo partial reaction. In some 
embodiments the reactive ingredients are partially cured 
on the surface of a substrate. 

In another embodiment, the cross -linker is 
contacted with a composition comprising a cure inhibitor 
comprising boric acid or Lewis acid derivatives of boron 
such as alkyl borate, alkyl borane, trimethoxyboroxine, a 
mineral acid having a nucleophilicity value "n" of greater 
than zero and less than 2.5, such as perchloric acid, 
tetraf luobor ic acid, and organic acids having a pKa from 1 
to 3 such as salicylic acid, oxalic acid, maleic acid, and 
mixtures thereof, and, optionally, a catalyst for the cure 
of a polyepoxide by the cross - linker . This composition is 
at some time thereafter contacted with polyepoxide, and 
subjected to curing conditions. 

Detailed Description of the Preferred Embodiments 

The present invention described and claimed has 
several advantages for the manufacture of electrical 
laminates: the compositions comprising a polyepoxide, a 
cross - linker , a catalyst, an anhydride of a polycarboxylic 
acid, a hydroxyl - containing compound, or both, and 
inhibitor can be exposed to temperatures at which any 
solvent present is removed by evaporation without 
significant curing of the epoxy resin. Further 
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d) optionally, a catalytic amount of a catalyst 
for accelerating the reaction of the 
polyepoxide with the cross -linker and/or the 
bifunctional chain extender; 

e) optionally, a bifunctional chain extender 
compound capable of reacting with a 
polyepoxide at elevated temperatures; 

f) optionally a hydroxy - functional cross -linker 
having a functionality of 2.2, or more; 

g) optionally, passing the coated article 
through a heated zone at a temperature 
sufficient to cause any solvent present to 
evaporate but below the temperature at which 
the polyepoxide undergoes significant curing; 
and 

h) optionally, exposing the coated article to 
conditions such that the polyepoxide 
undergoes at least partial curing. 



In another embodiment, the present invention 
comprises a partially cured reaction product of a 
polyepoxide and a cross -linker wherein such partial cure 
occurs in the presence of a catalyst for the reaction of 
the cross -linker with a polyepoxide, and a cure inhibitor 
comprising boric acid or Lewis acids of boron derivatives 
such as alkyl borate, alkyl borane, tr imethoxyboroxine, a 
mineral acid having a nucleophilici ty value "n" of greater 
than zero and less than 2.5, such as, perchloric acid, 
tetraf luobor ic acid, and organic acids having a pKa from 1 
to 3 such as salicylic acid, oxalic acid, maleic acid, and 
mixtures thereof. Such partially cured product can 
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opportunities for improved laminate products and 
processing improvements result from a faster curing speed 
in laminated manufacturing processes, elimination of the 
need for a 'post-bake" step, an improved processing 
window, slower melt -viscosity build-up during B-staging 
which benefits wet-out of the fiber substrate by the resin 
system, improved heat resistance, elimination of 
aggressive solvents, and inherent lower dielectric 
constant (D k ) and inherent lower dielectric loss factor 
(D f ) of the resin system. Furthermore in the presence of 
the inhibitor, the concentration of catalyst present may 
be significantly higher without resulting in cure of the 
epoxy resin composition during a solvent removal process. 
In addition to faster production through-put, a higher 
cross -link density may be achieved by using a larger 
concentration of catalyst. The final products prepared 
from these epoxy resin compositions may therefore exhibit 
an improved thermal performance as indicated by higher 
glass transition temperature and higher onset of thermal 
decomposition of the epoxy resin matrix when compared with 
compositions omitting the required cross - linker . 

The resin composition (with or without the 
presence of solvents) may take advantage of the low D k and 
D f properties of the claimed epoxy resin for encapsulation 
of electrical components in, or on, composite laminate 
circuit boards, or for construction of composite articles 
such as an aircraft radome where low D k and D f is an 
advantage . 

Those resin compositions which contain a 
polyepoxide, cross - linker , catalyst, an anhydride of a 
polycarboxylic acid, or hydroxy 1 - containing compounds and 
inhibitor, have a significantly longer shelf life at 
ambient temperatures. The compositions of this invention 
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may be processed at faster speeds as a higher 
concentration of accelerator may be used in processing. 
The compositions may also be processed at high 
temperatures without adversely affecting the final product 
5 properties, for example, in the continuous pressing 

process. Further, by adjusting the level of catalyst and 
inhibitor, the gel time of a resin can be controllably 
adjusted. And still further, compositions of this 
invention exhibit a lower dielectric constant without 
10 material sacrifice in important properties such as T g . 



the inventive resin composition may occur in a variety of 
sequences and means, each of which may provide apparent 
advantages to the end user. For example: 1) The 

15 inhibitor, an anhydride of a polycarboxy lie acid, a 

polyhydroxide compound, or both, and catalyst could be 
contacted with the polyepoxide separately. 2) The 
inhibitor, and catalyst could be combined so as to form a 
complex; thereafter, the complex could be combined with 

20 the polyepoxide. The latent catalyst complex can be used 
in any embodiment described herein where both inhibitor 
and catalyst are simultaneously present. 3) A 
polyepoxide, a cross -linker for the polyepoxide, an 
anhydride of a polycarboxylic acid, and an inhibitor 

25 comprising boric acid may optionally be in a mixture with 
Lewis acid derivatives of boron such as alkyl borate, 
alkyl borane, tr imethoxyboroxine, an acid having a weak 
nucleophilic anion, such as perchloric acid, 
tetraf luoboric acid, and organic acids having a pKa from 1 

30 to 3 such as salicylic acid, oxalic acid, and maleic acid. 
The catalyst useful for reacting the polyepoxide with the 
cross -linker could be added to the composition and 
thereafter the composition could be used in any use of 
polyepoxide, known to those skilled in the art. 4) A 



The manner of combination of the ingredients of 
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polyepoxide could be combined with a cross - linker , an 
anhydride of a polycarboxylic acid, an inhibitor. Such a 
composition is stable at ambient temperatures for up to 
two weeks. Such a composition exhibits no significant 
5 change in gel time at 150 C and 17 0 C over a period of 5 
days, more preferably 10 days and most preferably 15 days. 
At the time of use, the mixture is combined with a pre- 
complexed catalyst as described. 

The compositions described herein may be found 

10 in various forms. In particular the various compositions 
described may be found in powder form, or alternatively in 
solution or dispersion. In those embodiments where the 
various compositions are in solution or dispersion, the 
various components of the composition may be separately 

15 dissolved in a solvent suitable for that component, then 
the various solutions are combined and intimately mixed. 
Note the solvents for the various components are 
preferably chosen such that the solvents are miscible with 
one another. Intimately mixed as used herein refers to 

20 agitating a mixture of solutions which is a relatively 
homogeneous solution or dispersion. Alternatively, the 
components may be dissolved or dispersed in the same 
solvent or dispersant.^. In those embodiments wherein the 
compositions are partially cured or advanced, the 

25 compositions of this invention may be found in a powder 

form, solution, form, or coated on a particular substrate. 

Polyepoxide as used herein refers to a compound 
or mixture of compounds containing more than one epoxy 
moiety. Polyepoxide as used herein includes partially 
30 advanced epoxy resins that is, the reaction of a 

polyepoxide and a chain extender, wherein the reaction 
product has, on average, more than one unreacted epoxide 
unit per molecule. 
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Aliphatic polyepoxides may be prepared from the 
known reaction of epihalohydr ins and polyglycols. Other 
specific examples of aliphatic epoxides include 
trimethylpropane epoxide, and diglycidyl - 1 , 2 -cyclohexane 
5 dicarboxylate . Preferable compounds which can be employed 
herein include, epoxy resins such as, for example, the 
glycidyl ethers of polyhydric phenols, that is, compounds 
having an average of more than one aromatic hydroxyl group 
per molecule such as, for example, dihydroxy phenols, 

10 biphenols, bisphenols, halogenated biphenols, halogenated 
bisphenols, alkylated biphenols alkylated bisphenols, 
trisphenols, phenol -aldehyde novolac resins, substituted 
phenol -aldehyde novolac resins, phenol -hydrocarbon resins, 
substituted phenol -hydrocarbon resins and any combination 

15 thereof. 

Polyepoxides (polyglycidyl ethers of a 
polyhydroxy hydrocarbon) may be prepared by reacting an 
epihalohydr in with a polyhydroxy hydrocarbon or a 
halogenated polyhydroxy hydrocarbon. The preparation of 
20 such compounds is well known in the art. See Kirk-Othmer 
Encyclopedia of Chemical Technology 3rd Ed. Vol. 9 pp 267 - 
289. 

The epihalohydr ins correspond to Formula 1 

l 

R 



CH 9 CCH 9 Y 




25 wherein Y is a halogen, preferably chlorine or bromine, 
and most preferably chloro; R is hydrogen, or C x . 4 alkyl, 
and more preferably methyl. 



42931^3 



-17- 



Polyhydroxy hydrocarbon means a compound with a 
hydrocarbon backbone and on average more than one primary 
or secondary hydroxy moieties, preferably two or more. 
Halogenated polyhydroxy hydrocarbon means a compound with 
a hydrocarbon backbone which is substituted with one or 
more halogens and more than one, preferably two or more, 
primary or secondary hydroxy moieties. The hydroxyl 
moieties may be aromatic aliphatic or cycloaliphatic . 

Among even more preferred classes of polyhydroxy 
hydrocarbons and halogenated polyhydroxy hydrocarbons are 
the dihydroxy phenols; biphenols; bisphenols; halogenated 
bisphenols; alkylated bisphenols; trisphenols; 
hydrogenated bisphenols; novolac resins, that is, the 
reaction product of phenols, including halogenated and 
alkylated phenols, and simple aldehydes, preferably 
formaldehyde and hydroxybenzaldehyde; and polyalkylene 
glycols. 

Preferred polyhydroxy hydrocarbons, and 
halogenated polyhydroxy hydrocarbons include those 
corresponding to Formulas 2 to 5 : 




2 



3 
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4 



5 wherein: 

R 1 is separately in each occurrence C x . 10 
alkylene, C 1 . 10 haloalkylene, C 4 . 10 cycloalkylene, carbonyl, 
sulfonyl, sulfinyl, oxygen, sulfur, a direct bond or a 
moiety corresponding to the formula 




R 2 is separately in each occurrence C1-3 alkyl 
or a halogen; 
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R 3 is separately in each occurrence Ci-iq 
alkylene or C 5 - 50 cycloalkylene ; 

R 4 is separately in each occurrence hydrogen, 
methyl, halomethyl, or ethyl, with the proviso that only 
one R 4 on an ethylene unit can be methyl, halomethyl or 
ethyl ; 

Q is separately in each occurrence a Cx-xq 
hydrocarbyl moiety; 

Q f is separately in each occurrence hydrogen, 
cyano, or a Cx-14 alkyl group; 

m is independently in each occurrence from 0 to 

4; 

m f is separately in each occurrence from 0 to 3 
q is from 1 to 80; and 
s is from 0 to 10. 

R 1 is preferably C ± . 3 alkylene, Cx-3 
haloalkylene, carbonyl, sulfur, or a direct bond. R 1 is 
more preferably a direct bond, Cx-3 alkylene, or 
fluorinated propylene (=C(CF 3 ) 2 -) - R 1 is most preferably 
propylene. R 2 is preferably methyl, bromine or chlorine; 
and most preferably methyl or bromine. R 3 is preferably 
c l-3 alkylene or polycyclic moiety corresponding to the 
formula 
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wherein t is from l to 6 , preferably from 1 to 3 , most 
preferably 1. Preferably, m' is from 0 to 2 . Preferably, 
m is from 0 to 2 . Preferably, q is from 2 to 40, more 
5 preferably from 2 to 20 and most preferably from 5 to 15. 
Cycloalkylene as used herein refers to monocyclic and 
polycyclic hydrocarbon moieties. 



Another class of hydroxyl - containing compounds 
which is advantageous for electrical laminate applications 
10 are copolymers of styrene and hydr oxystyr ene according to 
the schematic Formula 11, (where the general formula does 
not suggest any particular ordering of the monomer units) 




15 



E is a suitable chain terminating group, the sum 
of k + 1 is fjom 3 to 10,000, and the ratio of k to 1 is 
from 1:1 to 50:1, m" is from 0 to 5, and R 2 and m are as 
previously defined. 
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The most preferred class of polyhydroxy 
hydrocarbons are the dihydroxy phenols including those 
which contain substituents that are non-reactive with the 
phenolic groups. Illustrative of such phenols are 
2 , 2 -bis (3 , 5 -dibromo-4 -hydroxy phenyl) propane; 2 , 2 -bis (4 - 
hydroxyphenyl) propane; 2, 2 -bis (3, 5 -dichloro-4 - 
hydroxyphenyl) propane; bis (4 -hydroxyphenyl) methane; 1,1- 
bis (4 -hydroxyphenyl) - 1 -phenyl ethane; 1,1' -bis (2,6- 
dibromo- 3 , 5 -dimethyl - 4 hydroxyphenyl) propane; bis (4 - 
hydroxyphenyl) sulf one; bis (4 -hydroxyphenyl) sulfide; 
resorcinol and hydroquinone . Preferred dihydroxy phenolic 
compounds are 2 , 2 -bis (4 -hydroxyphenyl) propane (bisphenol 
A) , trimethylolpropane, 1,3,5-tris- (2 -hydroxy ethyl) -1,3,5- 
triazin-2 ,4,6 (1H, 3H, 5H) - trion, and 2 , 2 -bis (4 -hydroxy- 3 , 5 - 
dibr omophenyl ) propane . 

As the dihydroxy phenols supply two equivalents 
of hydroxy 1 moiety per molecule, reaction of these species 
with an excess of molecules having polyepoxide- 
f unctionality results in "extension" of the molecular 
chain and corresponding variance of the resin properties 
as a result from the increased average molecular weight of 
the resin. The dihydroxy phenols serve as bifunctional 
chain extenders according to the claims. When present, 
the bifunctional chain extender may beneficially comprise 
up to 0.5 equivalents of epoxy functionality originally 
present in the resin, preferably, the chain extender is 
present from 0 to 0.4 equivalents per equivalent of epoxy 
functionality originally present in the resin. 

As used herein haloalkyl refers to a compound 
with a carbon chain and one or more of the hydrogens 
replaced with a halogen. Haloalkyl also means compounds 
wherein all of the hydrogen atoms have been replaced by 
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halogen atoms, Alkylene as used herein refers to a 
divalent alkyl moiety. 

The term hydrocarbyl as employed herein means 
any aliphatic, cycloaliphatic , aromatic, aryl - substituted 
5 aliphatic or cycloaliphatic, or aliphatic or 

cycloaliphatic - substituted aromatic groups. The aliphatic 
groups can be saturated or unsaturated. Likewise, the 
term hydrocarboxy means a hydrocarbyl group having an 
oxygen linkage between it and the carbon atom to which it 
10 is attached. 

The polyepoxides preferably correspond to one of 
Formulas 6 to 9 . 
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9 



wherein R, R 1 , R 2 , R 3 , R 4 , m, m' , s, and q are as defined 

5 previously; r is from 0 to 40, preferably from 0 to 10, 

more preferably 1 to 5 . Preferably, s is from 0 to 8 ; and 
most preferably 1 to 4 . 

Useful epoxide compounds are the glycidyl ethers 
of compounds having an average of more than one aliphatic 

10 hydroxyl group per molecule such as, for example, 

aliphatic diols, polyether diols, polyether triols, 
polyether tetrols and any combination thereof. Also 
useful are the alkylene oxide adducts of compounds 
containing an average of more than one aromatic hydroxyl 

15 group per molecule such as, for example, the ethylene 
oxide, propylene oxide, or butylene oxide adducts of 
dihydroxy phenols, biphenols, bisphenols, halogenated 
bisphenols, alkylated bisphenols, trisphenols, phenol - 
aldehyde novolac resins, halogenated phenol - aldehyde 

20 novolac resins, alkylated phenol -aldehyde novolac resins, 
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hydrocarbon -phenol resins, hydrocarbon-halogenated phenol 
resins, or hydrocarbon-alkylated phenol resins, or any 
combination thereof. 



Preferable epoxy resins include, for example, 
5 the diglycidyl ethers of resorcinol, catechol, 

hydroquinone, biphenol, bisphenol A, bisphenol AP (1,1- 
bis (4 -hydroxylphenyl) - 1 -phenyl ethane)., bisphenol F, 
bisphenol K, tetrabromobisphenol A, phenol - formaldehyde 
novolac resins, alkyl - substituted phenol - formaldehyde 

10 resins, phenol -hydroxybenzaldehyde resins, cresol- 

hydroxybenzaldehyde resins , dicyclopentadiene -phenol 
resins, dicyclopentadiene - substituted phenol resins 
tetramethylbiphenol , tetramethyl - tetrabromobiphenol , 
tetramethyl - tr ibr omobiphenol , tetrachlorobisphenol A and 

15 any combination thereof. 

In one embodiment polyepoxides refers to an 
advanced epoxy resin which is the reaction product of one 
or more polyepoxides, as described previously, with one or 
more polyhydroxy hydrocarbons or a halogenated derivative 

20 thereof. Such polyhydroxy hydrocarbons have been 

described previously. Alternatively, a polyepoxide can be 
reacted with a carboxyl - substituted hydrocarbon. A 
carboxyl - substituted hydrocarbon is a compound with a 
hydrocarbon backbone and one or more carboxyl moieties, 

25 preferably more than one, and most preferably two. 
Preferably such compounds correspond to Formula IC- 
RS- (COOH) u 10 

wherein R 5 is a C x . 40 hydrocarbyl moiety optionally 
containing oxygen along the backbone, and u is one or 
30 greater. R 5 is preferably a C1-40 straight- or branched - 
chain alkane or alkene, optionally containing oxygen. 
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Preferably u is 1 to 4, and most preferably 2. Fatty 
acids and fatty acid dimers are among the useful 
carboxylic acid- substituted hydrocarbons. Included in the 
fatty acids are caproic acid, caprylic acid, capric acid, 
5 octanoic acid, versatic acid, decanoic acid, lauric acid, 
myristic acid, palmitic acid, stearic acid, palmitoleic 
acid, oleic acid, linoleic acid, linolenic acid, erueic 
acid, pentadecanoic acid, margaric acid, arachidic acid, 
and dimers thereof. 

10 In one preferred embodiment one or more 

polyhydroxy hydrocarbons or halogenated derivatives 
thereof and one or more carboxyl - substituted hydrocarbons 
are reacted with the polyglycidyl ether of a polyhydroxy 
compound or halogenated derivative thereof. Procedures 

15 for performing such a reaction are well known in the art. 
See "The Handbook of Epoxy Resins" by H. Lee and K. 
Neville (1967) McGraw Hill, New York, and U.S. Patents 
2,633,458; 3,477,990; 3,821,243; 3,907,719, 3,975,397; and 
4,071,477. Optionally, a small amount of a monohydroxy- 

20 substituted hydrocarbon can be included in the reaction 
mixture . 



hydroxy - functional compounds having a hydroxyl- 
functionality of 2,2 or more, dicarboxylic acid anhydrides 

25 and copolymers of styrene and hydroxystyr ene when used in 
combination. While not intending to be limited to a 
particular mechanism, it is understood that the 
polyhydroxy cross - linker s react with epoxides in the 
traditional manner described by Lee and Neville, Supra, at 

30 pages 5-13 et seq. The presence of an average 

functionality greater than 2, that is, 2.2 or more causes 
the polyhydroxy cross -linker to cross- link between chains 
of epoxy molecules. The dicarboxylic acid anhydride 
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Cross - linkers useful in this invention are 




reacts on one hand with a secondary hydroxide formed by 
the opening of an oxirane ring of a polyepoxide forming an 
ester linkage at the location of the secondary hydroxide, 
and forming the carboxylic acid function with the other 
5 acid anhydride moiety. The carboxylic acid functionality 
then is available to react in the traditional manner with 
an oxirane ring of a separate epoxide (Lee and Neville, 
page 12-2 et seq. ) . The anhydride thus forms a cross - 
linking function between two molecular chains at points in 
10 the chain which were formed from the opening of oxirane 
rings . 

The chain extender is described as including 
dihydroxy phenols. The functionality of two for the chain 
extender is contrasted with the functionality of greater 
15 than two described for the polyhydroxy functional cross- 
linker . 

Examples of preferable cross - linker s include 
among others, aromatic polyhydroxy -containing compounds as 
described above, include the polybasic acids and their 

20 anhydrides, such as, for example, the di-, tri-, and 

higher carboxylic acids as oxalic acid, phthalic acid, 
terphthalic acid, succinic acid, alkyl and alkenyl- 
substituted succinic acids, tartaric acid, and 
particularly the polymerized unsaturated acids, such as 

25 for example, those containing at least 10 carbon atoms, 

and preferably more than 14 carbon atoms, as for instance 
dodecenedioic acid, 10 , 12 - eicosadienedioic acid, and 
anhydrides such as, phthalic anhydride, succinic 
anhydride, maleic anhydride, nadic anhydride (bicyclo- 

30 [2.2.1] -5 hept-5-en-2, 3 -dicarboxylic anhydride and its 

isomers) , methyl tetrahydrophthalic anhydride, nadic methyl 
anhydride, methylhexahydr ophthalic anhydride, citraconic 
anhydride, itaconic anhydride, dodecenylsuccinic 
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anhydride, tricarboxylic anhydride, linoleic acid adduct 
of maleic anhydride, benzophenonetetracarboxylic 
dianhydride, pyromellitic dianhydride, 

eye lopentanetetracar boxy lie dianhydride poly car boxy lie 
acid anhydrides according to Formulas 12, and 13 



and copolymers of an ethylenically unsaturated anhydride 
and a vinyl compound, for example: styrene -maleic 
anhydride copolymer and others, for example, described in 
WO 95/06075 and also corresponding to Formulas 15 and 
16 : 




o 
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O 
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where R 6 is hydrogen, a C 10 allyl, or R 6A ; 

Q 3 is a (^-30 carbonyl", or methyl, provided 
where Q 3 is methyl, it may be substituted with the 
substituents according to R 6A ; 

W is -OH, or -COOH; 

R 2A may be alkyl, halogen or hydrogen; E 

m" are as previously defined. 

Copolymers of styrene and maleic anhydride 
having a molecular weight (M w > in the range of from 1500 
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50,000 and an anhydride content of more than 15 percent 
are particularly preferred. Commercial examples of these 
materials include SMA 1000, SMA 2000, and SMA 3000 having 
styrene -maleic anhydride ratios of 1:1, 2:1, and 3:1 
respectively and molecular weight ranging from 6,000 to 
15,000, are available from Elf Atochem S.A, 

Catalysts useful in this invention are those 
catalysts which catalyze the reaction of a polyepoxide 
with a cross - linker , and which remain latent in the 
presence of the inhibitor at lower temperatures. 
Preferably the catalyst is latent at temperatures of 140 C 
or below, and more preferably at 150 C or below. Latency 
is demonstrated by an increase of at least 10 percent in 
gel time as determined by a stroke cure test performed at 
150 C to 170 C. Examples of preferred catalysts are 
compounds containing amine, phosphine, heterocyclic 
nitrogen, ammonium, phosphonium, arsonium or sulfonium 
moieties. More preferred catalysts are the heterocyclic 
nitrogen and amine -containing compounds and even more 
preferred compounds are heterocyclic nitrogen-containing 
compounds . 

As the reactive moieties of the chain- extender 
compounds, and the cross - linking compounds are frequently 
the same, a described catalyst may function to catalyze 
chain extension and chain cross - linking reactions. 

Among preferable catalysts are those represented 
by the following formulas 17 or 18: 
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Formula 17 



Formula 18 




wherein each of R 7 , R 8 , R 9 and R 10 is independently a 
hydrocarbyl group having from 1 to 18, preferably from 1 
to 9 carbon atoms, or a hydrocarbyl group having from 1 to 
5 18, preferably from 1 to 9 carbon atoms which group also 
contains one or more oxygen, sulfur, halogen, or nitrogen 
atoms, or two of such R 7 , R 8 , R 9 and R 10 groups can combine 
to form a heterocyclic ring containing one or more atoms 
other than carbon atoms; each X is the anion portion of an 
10 acid of a relatively strong nucleophilic acid; Z is 

phosphorus, nitrogen, sulfur or arsenic; f has a value 
equal to the valence of the anion X and g has a value of 
zero or 1 depending on the valence of Z. 

Particularly suitable onium or amine compounds 
15 useful as catalysts include, for example, ethyl triphenyl 
phosphonium acetate, ethyl triphenyl phosphonium acetate - 
acetic acid complex, tetrabutylphosphonium acetate, 
tetrabutylphosphonium acetate-acetic acid complex, 
ethyl triphenyl phosphonium chloride, ethyl triphenyl 
20 phosphonium iodide, tetrabutylphosphonium chloride, 
tetrabutylphosphonium iodide, tetrabutylphosphonium 
hydroxide, tetrabuty lammonium hydroxide, 
tetraethylammonium hydroxide , tetr ame thy lammonium 
hydroxide, N-methylmorpholine , 2 -methyl imidazole, 
25 triethylamine, N, N, N 1 ,N' - tetramethylethylenediamine, 

ethyltri {2 -hydroxyethyl) ammonium hydroxide, ethyltri(2- 
ethoxyethyl) ammonium hydroxide, triethyl(2- 
thioethylethyl) ammonium hydroxide, N-methyl-N- 
methylenemethanaminium acetate, N- methyl -N -methylene - 
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methanaminium acetate-acetic acid complex, N-methyl -N- 
methylenemethanaminium chloride, N-methyl -N- 
methylenemethanaminium iodide, N-methylpyr idinium acetate, 
N-methylpyr idinium acetate - acetic acid complex, N- 
methylpyridinium chloride, N -methylpyr idinium iodide, 
1 -ethyl -2, 3 - dimethyl imidazolium acetate, 1 -ethyl -2, 3 - 
dimethyl - imidazolium acetate -acetic acid complex, 1 -ethyl - 
2 , 3 -dimethylimidazolium chloride, 1 -ethyl -2 , 3 -dimethyl - 
imidazolium iodide, N-methylquinolinium acetate, 
N-methylquinolinium acetate -acetic acid complex, 
N-methylquinolinium chloride, N-methylquinolinium iodide, 
N-methyl -1,3,5- triazinium acetate, N-methyl -1,3,5- 
triazinium acetate -acetic acid complex, N-methyl - 1 , 3 , 5 - 
triazinium chloride, N-methyl - 1 , 3 , 5 - tr iazinium iodide and 
any combination thereof. 

The amine compounds useful as catalysts which 
can be suitably employed herein include, for example, 
primary, secondary, tertiary, aliphatic, cycloaliphatic, 
aromatic or heterocyclic amines. 

Preferable non-heterocyclic amines which can be 
employed herein include, those containing suitably from 1 
to 60, more suitably from 2 to 27 , most suitably from 2 to 
18, carbon atoms. Particularly preferable amines include, 
for example, ethylamine, diethylamine, tr iethylamine, n- 
propylamine, di -n-propylamine, tri -n-propylamine , 
isopropylamine , diisopropyl amine , tr iisopropyl amine , 
buty lamine , dibuty lamine , tr ibuty lamine 
methyldibutylamine, and combinations thereof. 

Variances are observed among amine catalysts. 
The Examples 6, 12, 14, and 16 demonstrate a wide 
variation of T g and gel time. 
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Among preferred tertiary amines that may be used 
as catalysts are those mono- or polyamines having an open- 
chain or cyclic structure which have all of the amine 
hydrogen replaced by suitable subs t i tuents , such as, 
5 hydrocarbon radicals, and preferably aliphatic, 

cycloaliphatic or aromatic radicals. Examples of these 
amines include, among others, methyl diethanolamine, 
trie thy lamine , tr ibutylamine, dimethyl benzylamine, 
tr iphenylamine, tr icyclohexyl amine, pyridine and 

10 quinoline. Preferred amines are the trialkyl, 

tr icycloalkyl arid triaryl amines, such as tr iethylamine , 
tr iphenylamine, tri (2 , 3 -dime thy Icyclohexyl) amine, and the 
alkyl dialkanolamines , such as methyl diethanolamines and 
the- tr ialkanolamines such as tr iethanolamine . Also useful 

15 are 1 , 5 -diazabicyclo [4 . 3 . 0] non-5 -en, 1,4- 
diazabicyclo [2 . 2 . 2] octane, and 1,8- 
diazabicyclo [5.4.0] undec -7 -en (1 , 5 - 5) . 

Especially preferred for catalyzation of the 
reaction between polyepoxides and hydroxy -containing 
20 cross - linkers are tertiary amine accelerators such as 

benzyldimethy lamine, tris- (dime thy laminomethyl) phenol and 
imidazole compounds . 

Preferable are the adducts of any aliphatic, 
cycloaliphatic, " aromatic or heterocyclic secondary amine 

25 compounds and an epoxy resin having an average of more 

than one vicinal epoxide group per molecule, such as, for 
example, an adduct of 2 -methylimidazole and the diglycidyl 
ether of bisphenol A. These adducts can easily be 
prepared by reacting the secondary amine compound with the 

30 epoxy resin at a temperature of from 25 C to 50 C, 

preferably from 60 C to 125 C, more preferably from 80 C 
to 100 C. The secondary amine compound and the epoxy 
resin are employed in amounts which provide a ratio of 
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moles of secondary amine compound per epoxide group of 
from 1:1 to 5:1, preferably from 1:1 to 3:1, more 
preferably from 1:1 to 1.5:1. The adducts can be prepared 
in the presence of any suitable solvent such as, for 
example, alcohols, ethers, glycol ethers and ketones. 

Examples of heterocyclic nitrogen compounds 
useful herein include those described in U.S. Patent 
4,925,901. 

Preferable heterocyclic secondary and tertiary 
amines or nitrogen- containing compounds which can be 
employed herein include, for example, imidazoles, 
imidazolidines , imidazolines, oxazoles, pyrroles, 
thiazoles, pyridines, pyrazines, morpholines, pyridazines, 
pyr imidines , pyrrolidines , pyrazoles , quinoxalines , 
quinazolines , phthalozines , quinolines, purines, 
indazoles, indoles, indolazines, phenazines, 
phenar sazines , phenothiazines , pyr rolines , indolines , 
piper idines, piperazines and combinations thereof. 

Among a more preferred class of heterocyclic 
nitrogen- containing compounds useful as catalysts are 
those possessing in the heterocyclic ring (1) a 
substituted C=N-C group and (2) a secondary amino group, 
including the imidazoles, such as the substituted 
imidazoles and benzimidazoles according to Formulas 19 and 
20 : 
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19 




respectively, wherein R 11 is independently in each 
occurrence selected from hydrogen atoms, halogen atoms, or 
an organic radical, such as, a hydrocarbon radical or a 
5 substituted hydrocarbon radical, for example, the ester, 
ether, amide, imide, amino, halogen, or mercapto- 
substituted Ci-C^ hydrocarbon radicals. Alternatively, 
two adjacent R 11 can combine to form a 5 - or 6 -member ed 
ring. Especially preferred imidazoles are those wherein 
10 R 11 is a hydrogen or hydrocarbon radical and preferably an 
alkyl, alkenyl, cycloalkyl, cycloalkenyl , aryl, alkaryl or 
arylalkyl radicals, and particularly those containing no 
more than 15 carbon atoms. 



A more detailed description of the chemistry of 
15 the imidazoles and benzimidazoles including their 

properties and structural formulas is found in the book by 
Klaus Hofmann entitled " Imidazole and Its Derivates" 
published by Interscience Publishers, Inc., New York 
(1953). Examples of imidazoles include, among others, 
20 imidazole, benzimidazole and substituted examples. 
Preferable substituted imidazoles include: 

1 - methylimidazole; 2 -methyl imidazole; 2 - ethylimidazole , 

2 - propyl imidazole, 2 - butyl imidazole , 2 -pentyl imidazole, 
2 -hexylimidazole, 2 - cyclohexy limidazole, 

2 5 2 -phenyl imidazole, 2 -nonyl - imidazole, 2 -undecy limidazole , 
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2 -heptadecylimidazole, 2 -phenyl - 4 -methylimidazole , 

1 - benzylimidazole, 1-ethyl -2 -methylbenzimidazole, 

2 - methyl -5,6 -benz imidazole, 1 - vinyl imidazole , 1 -allyl - 2 - 
methylimidazole, 2 - cyanoimidazole , 2 -chloroimidazole, 

5 2 -bromoimidazole, 1- (2 -hydroxypropyl) - 2 -methylimidazole, 
2 -phenyl -4,5 - dimethy lolimidazole , 2 -phenyl - 4 -methyl - 5 - 
hydroxymethylimidazole, 2 - chloromethy lbenz imidazole , 
2 -hydroxybenzimidazole, 2 - ethyl - 4 -methylimidazole ; 
2 - cyclohexyl - 4 -methyl imidazoles ; 4 -butyl - 5 - ethyl imidazole ; 

10 2 -butoxy -4 -allyl imidazole; 2 - car boe thy oxybutyl imidazole, 
4 -methylimidazole; 2-octyl -4 -hexylimidazole ; 2 -methyl -5 - 
ethylimidazole; 2 -ethyl -4 - (2 -ethylamino) imidazole; 
2 -methyl -4 -mer captoethylimidazole ; 2 , 5 -chloro-4 - 
ethylimidazole; and mixtures thereof. Especially 

15 preferred are the alkyl - substituted imidazoles; 

2 , 5 -chloro-4 -ethylimidazole; and phenyl - substituted 
imidazoles, and mixtures thereof. Even more preferred are 
2 -methylimidazole; 2 -ethyl -4 -methylimidazole; 
1, 2 -dimethylimidazole; 2 -pheny limidazole ; and 

20 1 -methylimidazole . 

The reaction inhibitor is boric acid, Lewis 
acids containing boron such as alkyl borate, alkyl borane, 
trimethoxyboroxine, an acid having a weak nucleophilic 
anion, such as, perchloric acid, tetraf luobor ic acid, and 

25 organic acids having a pKa from 1 to 3, such as, salicylic 
acid, oxalic acid and maleic acid. Boric acid as used 
herein refers to boric acid or derivatives thereof, 
including me tabor ic acid and boric anhydride, combinations 
of a Lewis acid with boron salts such as: alkyl borate, or 

30 trimethoxyboroxine. Boric acid is preferred over maleic 
acid and salicylic acid. At constant levels of catalyst, 
increasing amounts of inhibitors will yield corresponding 
increase in the gel time. 
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The inhibitor and catalysts may be separately 
added to the compositions of this invention, or may be 
added as a complex. The complex is formed by contacting 
and intimately mixing a solution of the inhibitor with a 
solution of the catalyst. Optionally, an acid having a 
weak nucleophilic anion may be present. The contact time 
required to form the complex depends on the solvent 
selected and temperature. Such contacting generally is 
performed at ambient temperature, although other 
temperatures may be used, for example, temperatures of 
from 0 C to 100 C, more preferably from 20 C to 60 C. The 
combination of temperature and solvent selected generally 
permits formation of the complex in 1 to 120 minutes, 
preferably within 10 to 60 minutes. The solvents used for 
each component are preferably miscible. Most preferably 
the same solvent is used. Preferred solvents for the 
catalyst and the inhibitor are polar solvents. Lower 
alcohols having from 1 to 2 0 carbon atoms provide good 
solubility and volatility for removal from the resin 
matrix when prepregs are formed with methanol most 
preferred. Alternatively, the components of the complex 
may be contacted neat, in the absence of solvent and 
reacted as described. 

Polar solvents are particularly useful to 
dissolve inhibitors of boric acid or Lewis acids derived 
from boron. If the polar solvents are hydroxy - containing, 
there exists a potential competition for available 
carboxylic acid anhydride between the hydroxy moiety of 
the solvent and the secondary hydroxyl formed on opening 
of the oxirane ring. Thus, polar solvents which do not 
contain hydroxyl moieties are useful, for example, N- 
methyl - 2 -pyr rolidone, dimethylsulf oxide , 

dimethylf ormamide, and tetr ahydrof ur an . Also useful are 
dihydroxy and trihydroxy hydrocarbons optionally 

42931^ -37- 



containing ether moieties or glycol ethers having two or 
three hydroxyl groups. Preferred are C 2 . 4 di - or 
trihydroxy compounds, for example: 1,2 -propane diol, 
ethylene glycol and glycerine. The polyhydroxy- 
f unctionality of the solvent facilitates the solvent 
serving as a chain extender, or cross -linker according to 
the possible mechanism previously described concerning 
cross - linkers . 

The amount of the inhibitor present relative to 
the catalyst in the composition can be adjusted to adjust 
the gel time of the epoxy resin composition. At a desired 
catalyst level, the relative amount of inhibitor can be 
decreased to decrease the gel time. To increase the gel 
time the amount of inhibitor can be increased without 
changing the catalyst level. 

Alternately, the catalytic products of the 
present invention can be prepared situ in the presence 
of the epoxy resin by adding each component to the epoxy 
resin in any order under essentially the same conditions 
as mentioned above. 

The molar ratio of inhibitor (or mixture of 
different inhibitors) to catalyst is that ratio which is 
sufficient to significantly inhibit the reaction of the 
polyepoxide or advanced epoxy resin as exhibited by an 
increase in gel time as compared to a like composition 
free of inhibitor. Simple experimentation can determine 
the particular levels of inhibitor or mixtures which will 
increase in gel time but still allow a complete cure at 
elevated temperatures. A preferable molar ratio range of 
inhibitor, and optional acid with a weak nucleophilic 
anion, or other Lewis Acids, to catalyst where up to 5.0 
phr of boric acid is used, is from 0.1:1.0 to 4.0:1.0, 
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with a more preferred range being from 0.4:1.0 to 3,0:1.0, 
with an even more preferred range of 0.7:1.0 to 1.5:1.0. 

The most preferred ratios depend upon which 
onium or amine compound is mixed with the boric acid, or 
the particular mixture of boric acid, acid having a weak 
nucleophilic anion, and Lewis acids, for example, the 
preferred ratio of moles of boric acid or mixture of boric 
acid, or its analogues, Lewis acid having a weak 
nucleophilic anion, acids such as alkyl borate, alkyl 
borane, tr imethoxyboroxine , an acid having a weak 
nucleophilic anion, such as perchloric acid, 
tetraf luoboric acid, and other acids such as salicylic 
acid, oxalic acid and maleic acid per mole of imidazole 
compound is from 0.6:1 to 1.5:1, while the most preferred 
ratio is in the range of from 0.75:1 to 1.4:1. For 
phosphonium compounds, the preferred ratio for the boric 
acid or analog compound or Lewis Acid is from 0.8:1 to 
1.35:1, more preferably from 1.1:1 to 1.25:1 moles of acid 
per mole of phosphonium compound. For other catalysts, 
routine reactivity experiments can determine the optimum 
ratios of boric acid to onium or amine compound by mixing 
the components together in various ratios and conducting 
simple, routine experiments. 

When a mixture of boric acid, optionally a Lewis 
acid, and an acid having a weak nucleophilic anion are 
employed, they are employed in an amount which provides a 
ratio of moles of boric acid to moles of acid having a 
weak nucleophilic anion of from 0.1:1 to 0.9:1, preferably 
from 0.2:1 to 0.8:1, more preferably from 0.3:1 to 0.7:1. 

The catalytic products of the present invention 
can be employed alone or in combination with other 
catalysts. Suitable catalytic products result from 
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reacting the onium or amine compounds or a combination 
thereof with an inorganic acid containing a weak 
nucleophile. By the term "weak nucleophile" or "weak 
nucleophilic" , it is meant that the material has a 
nucleophilicity value "n" of greater than zero and less 
than 2 . 5 by the method described by C. G. Swain and C. B. 
Scott in J. Am. Chem. Society, Vol. 75, p 141 (1953). 

Organic acids having a pKa value from 1 to 3 
also give good results in combination with catalytic 
products. Typical examples include salicylic acid, oxalic 
acid, and maleic acid, and mixtures thereof. 

Preferable inorganic acids having a weak 
nucleophilic anion or weak nucleophile include, for 
example, fluoroboric acid, f luoroar senic acid, 
f luoroantimonic acid, f luorophosphor ic acid, chloroboric 
acid, chlor oar senic acid, chloroantimonic acid, 
chlorophosphor ic acid, perchloric acid, chloric acid, 
bromic acid, iodic acid and any combination thereof. The 
most preferable is fluoroboric acid. 

In one embodiment, the diepoxide, dihydroxy 
hydrocarbon or halogenated dihydroxy hydrocarbon and 
inhibitor can be contacted prior to the addition of the 
cross -linker and catalyst. Those polyf unctional 
dihydroxyhydrocarbons or halogenated dihydroxy 
hydrocarbons useful are well-known in the art see for 
example, Lee and Neville, supra; and U.S. Patent 
4,594,291, at column 8, lines 24 to 36. 

Concentrations of components used to describe in 
this invention are measured as parts by weight of 
components per hundred parts of resin by weight (phr) , 
unless otherwise noted. Such hundred parts of resin 
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refers specifically to the polyepoxide included in the 
composition. The amount of cross -linker which may be 
present may vary depending upon the particular cross- 
linker used. In the case of an polyepoxide resin cross - 
5 linker of the copolymer of an ethylenically unsaturated 

anhydride and a vinyl compound type, for example: styrene- 
maleic anhydride copolymer amounts of cross -linker are 
from 30 to 150 parts of cross- linker per hundred parts of 
resin, by weight, more preferably from 35 to 130; and most 
10 preferably from 40 to 110 parts. An aromatic hydroxyl - 
containing compound cross -linker may be employed in 
amounts which provide a ratio of aromatic hydroxyl groups 
to epoxy groups preferably from 0.05:1 to 20:1, more 
preferably from 0.1:1 to 10:1, most preferably from 0.2:1 
15 to 5 : 1 . When both hydroxyl - containing compounds and acid 
anhydrides are used together, the molar ratio of epoxy 
groups to the sum of the anhydride groups and hydroxyl 
groups may be employed. 

The catalysts are employed in a sufficient 
amount to result in a substantially complete cure of the 
epoxy resin, with some cross - linking . Preferably the 
catalyst is used in an amount of from 0.01 to 5 parts per 
hundred parts of resin, with from 0.05 to 2.0 parts per 
hundred parts of resin being more preferred and from 0.1 
to 1.5 catalyst per hundred parts of resin being most 
preferred. Alternatively, the quantity of catalyst is 
stated in millimoles per epoxy equivalent preferably from 
0.05 to 100, more preferably from 0.1 to 50, even more 
preferably from 0.5 to 20, most preferably from 1 to 10 
millimoles of catalyst per epoxide equivalent. 

The compositions of this invention can be used 
to coat any article for which a coating is desired. Such 
article can be coated, with the composition, and the 
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coating can be partially cured or fully cured. In that 
the embodiment where the coating is partially cured, the 
article may be further processed such that the partially 
cured resin may be finally cured. The article coated can 
be any substrate, for example metal, cement and 
reinforcing material. In a preferred embodiment the 
article is a fibrous reinforcing material for composites 
or laminates. 

The reinforcing material which may be coated 
with the compositions of this invention include any 
material which would be used by the skilled artisan in 
formation of composites, prepregs and laminates. Examples 
of the forms of such materials are cloth, mesh, web, or 
fibers. Preferably, such materials are made from glass 
fibers, paper, plastics such as aromatic polyamides and 
graphite. Preferred materials include glass or 
fiberglass, in cloth or web form. Other additives may 
also be present including fillers, dyes, pigments, 
surfactants and flow control agents. 



linker, catalyst and inhibitor, may be contacted with an 
article used in any method known to those skilled in the 
art. Examples of such contacting methods include powder - 
coating, spray - coating, and contacting the article with a 
bath containing the composition. In a preferred 
embodiment, the article is contacted with the composition 
in a bath. Preferably the bath contains from 40 to 90 
percent solids. In such a bath, the various components of 
the epoxy resin compositions are dissolved or suspended in 
the bath. A single solvent or solvent blend may be used 
for the bath, but in many applications a separate solvent 
is used for each component added to the mixture. It is 
preferable that the various solvents used be miscible with 
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Compositions containing polyepoxide, cross- 




one another. Such solvents or diluents, include those 
which are volatile and escape from the composition prior 
to cure. Preferred solvents for the epoxy resins are 
ketones, including acetone and methyl ethyl ketone. 
5 Preferred solvents for the cross - linker s are slightly 
polar solvents, amides, for example, dimethylf ormamide , 
ether alcohols, for example, methyl, ethyl, propyl or 
butyl ethers of ethylene glycol, ketones of methyl, ethyl, 
propyl or butyl, dipropylene glycol, ethylene glycol 

10 monomethylether , 1 methoxy - 2 -propanol , toluene, xylene 

methoxypropyl acetate, 2 - ethoxyethyl acetate, and mixtures 
of solvents. The catalysts and inhibitors are preferably 
dissolved in polar solvents, in particular alcohols, 
preferably lower alkanols and most preferably methanol. 

15 Where the inhibitor is liquid or has high solubility in 
non-polar solvents, ketones may be used. 

In one embodiment, the invention is a process 
for preparing prepregs from the resin composition and the 
reinforcing material. Such process comprises contacting 

20 the- reinforcing material with an intimately mixed bath 

comprising: a polyepoxide in a solvent; a cross -linker for 
the polyepoxide in a solvent; an inhibitor such as boric 
acid in a polar solvent; and a compound which catalyzes 
the curing of the polyepoxide with the cross -linker in a 

25 polar solvent. The coating occurs under condition such 
that the reinforcing material is coated with epoxy resin, 
cross - linker , inhibitor, and catalyst. Thereafter the 
coated reinforcing materials are passed through a heated 
zone at a temperature sufficient to cause the solvents to 

30 evaporate, but below the temperature which the polyepoxide 
undergoes significant cure during the residence time in 
the heated zone. The reinforcing material preferably has 
a residence time in the bath of from 0.1 minute to 10 
minutes, more preferably from 0.3 minute to 8 minutes, and 
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most preferably from 0.5 minute to 3 minutes. The 
temperature of such bath is preferably from 0 C to 100 C, 
more preferably from 10 C to 40 C and most preferably from 
15 C to 30 C. The residence time of the coated 
reinforcing material in the heated zone is from 0.5 minute 
to 15 minutes, more preferably from 1 minute to 10 minutes 
and most preferably from 1.5 minutes to 5 minutes. The 
temperature of the heated zone is sufficient to cause any 
solvents remaining to volatilize away, yet, not so high as 
to result in a complete curing of the components. 
Preferable temperatures of such heated zone are from 80 C 
to 230 C, more preferably from 100 C to 200 C, and most 
preferably from 140 C to 170 C. Preferably, there is some 
means in the heated zone to remove the volatile solvent, 
either by passing an inert gas through the oven, or 
drawing a slight vacuum on the oven. In many embodiments 
the coated materials are exposed to zones of increasing 
temperature. The first zones are designed to cause the 
solvent to volatilize so it can be removed. The later 
zones are designed to result in partial cure of the 
polyepoxide, that is, so called 

B- staging. Neat or low solvent epoxy resin formulations 
will necessarily exhibit a higher viscosity, however, such 
formulations of epoxy resin, cross - linker , catalyst, and 
inhibitor may be fabricated to articles by steps including 
hot-melting and injection. 

In some embodiments, the manufacture of the 
coated article may be interrupted at this B-stage, for 
further processing, or alternatively the material may be 
further processed immediately after solvent removal. In 
such further processing, whether immediately, or after an 
interruption, several segments or parts of the coated 
reinforcing material are brought in contact with one 
another. Thereafter, the contacted parts are exposed to 

42931^8 -44- 



elevated pressures and temperatures sufficient to cause 
the epoxy resin to cure wherein the resin on adjacent 
parts react to form a continuous epoxy resin matrix 
between and about the fibrous reinforcing material. 
5 Before being cured, the parts may be cut and stacked or 
folded and stacked into a part of desired shape and 
thickness. The pressures used may be anywhere from 10 to 
2000 newtons/cm 2 , with from 100 to 1000 newtons/cm 2 being 
preferred. The temperature used to cure the resin in the 

10 parts or laminates, depends upon the particular residence 
time, pressure used, and resin used. Preferred 
temperature which may be used are from 100 C to 240 C, 
more preferably from 120 C to 200 C, and most preferably 
from 16 0 C to 180 C. The residence times may be anywhere 

15 from 30 minutes to 300 minutes, more preferably from 45 to 
200 minutes, and most preferably from 60 minutes to 180 
minutes. One embodiment of such a process is known as a 
continuous process. In such process, the reinforcing 
material is taken from the oven and appropriately arranged 

20 into the desired shape and thickness and pressed at very 

high temperatures for short times, in particular such high 
temperatures are from 180 C to 250 C, more preferably 
190 C to 210 C, at times of 1 to 10 minutes. 

In some embodiments, it is desirable to subject 
25 the laminate or final product to a post -cure outside of 
the press. This step is designed to complete the curing 
reaction. The post -cure is usually performed at a 
temperature of from 130 C to 220 C for at a time of from 
20 minutes to 200 minutes. This post -cure step may be 
3 0 performed in a vacuum to remove any components which may 
volatilize . 

The ultimate coated- reinforced parts prepared 
from the composition of this invention, when cured, often 
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demonstrate a higher T g than where the compositions not 
within the scope of this invention are used. In some 
embodiments the T g is at least 5 C higher than parts 
prepared similarly using conventional resins formulated to 
5 give similar gel times (hence similar reactivity) . The 
laminates prepared using the composition of this 
invention, demonstrate a higher solvent resistance, for 
example, demonstrate a pick-up of less than 1.0 percent 
N-methyl pyrrolidone in test method conditions. 

Furthermore such parts exhibit a higher thermal 
performance as there is little or no entrapment of the 
solvents for the polyepoxide, the catalyst, the cross- 
linker, or the inhibitor. The formulations of this 
invention preferably exhibit longer gel times as compared 
to polyepoxide compositions of the prior art. 

It is understood by those skilled in the art 
that in the preparation of the compounds described 
mixtures of compounds result. Consequently, the values 
for variables of repeating units of the compounds 
20 described such as g, m, m N , s, t, m" , k, 1, r, u, and p, 
are average values. 

The following examples are presented to 
illustrate the invention and are not intended to limit the 
scope of the invention. Unless otherwise stated all parts 
25 and percentages are by weight. 

Comparative Example 1 

A varnish composition was prepared from the 
components according to Table I. The brominated epoxy 
resin employed was a reaction product of the diglycidyl 
3 0 ether of bisphenol A and tetsrabr omobisphenol A having an 
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EEW from 420 to 450 and a bromine content of 19 to 21 
percent. Commercially, such a brominated epoxy resin is 
available from The Dow Chemical Company as D.E.R.™ 
537EK80. The brominated epoxy resin was dissolved in 
5 methyl ethyl ketone (MEK) solvent and subsequently mixed 
with dicyandiamide and 2 -methylimidazole solutions over a 
period of 30 minutes at ambient temperature. Additional 
MEK is added in order that the varnish has a solution 
viscosity of 100 to 250 mPa # sec measured with a Brookfield 
10 Viscometer . 
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Table I 


Component (pbw) 


Comparative 
Example 1 


Comparative 
Example 2 


Example 3 


Resin components 


brominated epoxy resin (EEW 
420 - 450) 


100.00 pbw 


40 pbw 




tetrabromobisphenol A 




5 pbw 


17.5 pbw 


diglycidyl ether of bisphenol 
A 






23 . 5 pbw 


diglycidyl ether of 
tetrabromobisphenol A (EEW 
43 0 to 470, Br content from 
46 to 52%) 




13 pbw 


18 . 0 pbw 


methyl ethyl ketone (MEK) 


25.00 pbw 


14 . 5 pbw 


2 . 4 pbw 


methoxypropylacetate 






7 pbw 


hardener 


styrene-maleic anhydride 
copolymer Mol.wt 3 000 




3 2 pbw 


41 pbw 


MEK 




32 pbw 


41 pbw 


dicyandiamide (8% in methyl 
glycol solution) 


3 . 2 pbw 






catalyst 


2 -methyl imidazole (10% 
solution in methanol) 


0.08 pbw 
imidazole 


0.02 pbw 
imidazole 




2 -ethyl- 4 -methyl imidazole 
(2E4MI) 






0.05 pbw 


boric acid 






0.04 pbw 


Triganox-C™ 




0.20 pbw 




methanol 






1.0 pbw 


Additional components to form resin varnish 


methyl ethyl ketone 


5 pbw 






a pre-polymer of triallyl 
cyanurate (70% dissolved in 
methyl ethyl ketone) 




14.3 pbw 
solution 




methoxypropyl-acetate 






2 pbw 
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Comparative Example 2 



A varnish was prepared according to the 
composition of Table I. Firstly, brominated epoxy resin 
was dissolved into MEK and followed by the diglycidyl 
5 ether of tetr abromobisphenol A (having an EEW from 430 to 
470 and a bromine content of 46to52 percent, available 
from The Dow Chemical Company as Quatrex™ 6410) and 
tetrabromobisphenol A by stirring the solution for 60 
minutes at 23°C. Secondly, a pre- solution of the styrene- 

10 maleic anhydride copolymer and the indicated MEK was 

blended together with a prepolymer of triallyl cyanurate 
(with a number average molecule weight of 10,000 and Mw of 
150,000) available from Akzo Chemicals B.V., 2 -methyl 
imidazole and Triganox-C™ components. Thereafter this 

15 pre -solution was added to the epoxy resin solution. 

A styrene -maleic anhydride copolymer having a 
molecular weight of about 10,000 is available from Elf 
Atochem S.A. as SMA 3000. 

Triganox-C™is a peroxide catalyst (t -butyl 
20 peroxy perbenzoate) commercially available from Akzo 
Chemicals B.V. 

Example 3 

A varnish composition was prepared according to 
the components of Table I and as with Comparative Example 

25 2, a two -component procedure was employed. First, an 
epoxy resin solution was prepared, by heating under 
nitrogen gas, the diglycidyl ether of bisphenol A, the 
diglycidyl ether of tetrabromobisphenol A and 
tetrabromobisphenol A to 130°C for 6 0 minutes until a 

3 0 homogeneous mixture was obtained using a convention 

reactor kettle. The mixture was then cooled to 120°C 
followed by the addition of pr opylmethoxy acetate and 
further cooled to 85°C for the addition of MEK and 
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subsequent cooling to 23°C. Secondly, a solution of 
styrene -maleic anhydride copolymer was prepared by heating 
the indicated MEK solvent to 70°C in a reactor kettle under 
nitrogen atmosphere and adding the styrene-maleic 
5 anhydride copolymer gradually over a period of at least 1 
hour until completely dissolved. The two separate 
solutions were then added together with a pre -mixture of 
the catalyst components (boric acid and 2 - ethyl - 4 -methyl 
imidazole) held in methanol solvent. The complete varnish 
10 solution was gently stirred at 23°C for 30 minutes before 
use to prepare circuit board laminates. The evaluation 
results appear in Table II. 
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Table II 




Comparative 
Example 1 


Comparative Example 
2 


Example 3 


Varnish Reactivity at 170°C, 
IPC Test Method TM-650 
Number 5.1.410 


220 seconds 


200 seconds 


165 seconds j 


Use of resin varnish for impregnation of glass fiber webs 

composed of E-glass in a 7628 style woven fabric available from Porocher S.A., 69008 Lyon, FRANCE. 


Oven temperature 


175°C 


165°C 


165°C 


minutes in Oven 


2.73/2.4/2.15 


4.29/3.75/3.33 


2.73/2.5/2.31 


Properties of impregnated Glass Fibers 


Appearance 


smooth, glossy 


lumpy 


smooth glossy 


Resin content 


42.5 ± 0.5% 


42.5 ± 0.5% 


42.5 ± 0.5% 


Resin gel time - seconds @ 
170°C 


60/90/120 


5/30/60 


11/27/45 


FLOW, IPC method TM-650 
Number 2.3.1 7 


12/18/22 


0/17/24 


13/16/21 


Lamination of 8 layers of the varnish impregnated glass fabric(prepregs) 


Lamination Pressure 13.8 bar 
(200 psi) constant, 
temperature cycle 


90 minutes @ 175°C 


90 minutes @ 175°C 


90 minutes @ 175°C 


D* 


4.7 


4.30 


4.25 


D. 


0.025 


0.011 


0.009 


Copper Adhesion - 


20 N/cm 


13 N/cm 


13 N/cm 




319 


355 


360 


% NMP adsorption 


0.45 


0.09 


0.09 




Comparative 
Example 1 


Comparative Example 
2 


Example 3 


T g (°C) 


130 


157 


175 


Further post-lamination pressurized heating 


13.8 bar constant pressure 
applied 




120 minutes @ 200°C 


120 minutes @ 
200°C 






175 


184 



T^ onset of thermal decomposition in air. 
D k dielectric constant measured at 1 MHz and 23°C. 
D { dissipation factor measured at 1 MHz and 23°C. 
5 Copper Adhesion - Circuit foils, NTTWS, 35|i grade by IPC method TM-650 Number 2.4.8C. 
D k &D f measured by IPC method TM-650 Number 2.5.5.1 B. 

NMP adsorption - adsorption of N-methyl pyrrolidone solvent measured by IPC method TM-650 
Number 2.3.4.2 

IPC The Institute for Interconnection and Packaging Electronic Circuits, 3451 Church Street, 
10 Evanston, Illinois 60203 UNITED STATES. 
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Examples 4 and 5 



Epoxy resin, hardener, and catalyst were 
combined in the manner of Example 3 according to the 
composition and portions of Table III. 



5 



Table III 


Component - parts by weight 


Example 4 


Example 5 


Epoxy Resin Component 


diglycidyl ether of bisphenol A 


20.6 




diglycidyl ether of bisphenol F 




20.6 


diglycidyl ether of tetrabromobisphenol A 


20.6 


20.6 


Hardener Component 


tetrabromobisphenol A 


14.7 


14.7 


methoxypropyl acetate 


6.6 


6.6 


methyl ethyl ketone 


3.3 


3.3 


styrene-maleic anhydride copolymer, mol. wt 10,000 


44 


44 


methoxypropyl acetate 


22 


22 


methyl ethyl ketone 


22 


22 


Catalyst Components 


boric acid 


0.04 


0.04 


2-ethyl-4-methylimidazoIe (2E4MI) 


0.05 


0.05 


methanol 


1 


1 


Observed Properties 


Glass Transition Temperature (T g ) 
After Cure Cycle: 90 min. @ 175°C 


177°C 


173°C 


T g - Cure Cycle: 90 min. @ 200°C 


186°C 


179°C 


D f @ 1MHz23°C 


0.010 


0.010 


Cu Foil Adhesion Circuit Foil NTTW at 23°C (N/cm) 


11.3 


12.7 


Cu Foil Adhesion Circuit Foil NTTWS at 23°C (N/cm) 


13.9 


13.7 


IPC Blister Test (IPC TM650, 2.6.16) 


3 hours pass 


3 hours pass 


Flammability Rating (UL-94 test) 


V-0 


V-0 
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Examples 6 through 17 



Epoxy resin, hardener, and catalyst were 
combined in the manner of Example 3 according to the 
following composition and portions: 

5 Resin Components: 

diglycidyl ether of Bisphenol F, EEW 165 to 175 - 
20.6 parts by weight (pbw); 

diglycidyl ether of tetrabromobisphenol A having an 
EEW from 430 to 470 and a bromine content of 46 to 52 
10 percent - 20.6 pbw; 

tetrabromobisphenol A - 14.7 pbw; 

methoxypropyl acetate - 6.6 pbw; and 

methyl ethyl ketone - 3.3 pbw. 

Hardener Components : 

15 Styrene-maleic anhydride copolymer, mol . weight 

10,000 - 44 pbw; 

methyl ethyl ketone - 22 pbw; and 
methoxypropyl acetate - 22 pbw. 
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Catalyst and Inhibitor Components as indicated: 



Table IV 


Example 
number 


Catalyst 
type/portion 
(pbw solids) 


Inhibitor 
type /port ion 
(pbw solids) 


Gel time 
@ 17 0°C, 
sec 


T g , °C, 
after curing: 
I 10 min (5 150°C 
and 

90 min 0 17 S 0 ^ 

J \J 111J.I1 15* X / J 


6* 


2E4MI/0.05 


- / - 


158 


170 


7 


2E4MI/0.05 


Oxalic acid/0.04 


182 


178 


8 


2E4MI/0 . 05 


Maleic aci.d/0.04 


169 


165 


9 


2E4MI/0 . 05 


HBF4/0.02 Boric 
acid/0 .02 


224 


166 


10 


2E4MI/0.08 


HBF4 / 0.04 


200 


170 


11 


2E4MI/0.10 


Perchloric acid 
/ 0.04 


171 


162 


12* 


Morpholine/1 . 
2 


-/- 


202 | 


150 


13 


Morpholine/1 . 
2 


Boric acid 0.04 


213 


148 


14* 


DMP-30/0.08 


-/- 


219 


111 


15 


DMP-30/0.08 


Boric acid/ 0.04 


249 


116 


16* 


BDMA/0.1 


-/- 


213 


112 


17 


BDMA 0.1 


Boric acid/0.04 


267 


116 



*not examples of the invention claimed. 
2E4MI = 2-ethyl-4-methylimidazole . 
BDMA = Benzyldimethylamine . 
DMP-30 = Tr is (dimethylaminomethyl) phenol . 



The influence of catalyst and inhibitor on the T g 
and the gel time is apparent. 
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